INTRODUCTION
============

Primary tumors of the brachial plexus are rare and granular cell tumors of this region is an extremely rare disease[@B3],[@B11],[@B12]. It mostly presents as an asymptomatic solitary nodule and can be found in any kind of tissue[@B2],[@B3],[@B4],[@B6],[@B7],[@B8],[@B9],[@B10],[@B14],[@B16],[@B17]. It is often misdiagnosed because of its usually subtle presentation with histological examination setting the correct diagnosis subsequently. Granular cell tumors behave in a benign fashion, but has a tendency to recur[@B4]. Surgical removal with wide margins is the treatment of choice as malignant changes have been reported after long-term follow-up[@B2].

We present a case of granular cell tumor arising from brachial plexus which appeared to be a usual presentation of nerve sheath tumor (NST) and review the pertinent literatures.

CASE REPORT
===========

A 44-year-old woman presented with symptoms of posterior neck pain, left-sided shoulder radiating arm pain, paraesthesia, and persisting ipsilateral arm weakness for 2 years. The family or medical history of patient was unremark- able. Her symptoms did not improve with conservative treatment. On physical examination, the small round mass was palpable. It was a non-movable and hard consistent mass. There was no definite evidence of skin change around the lesion. On neurological examination, the patient showed grade 3 motor weakness and paresthesia of her left arm mainly on the C7 dermatome. She only showed positive Tinel sign of the left arm. Spurling and Lhemitte signs were negative and there were no abnormal laboratory findings.

Brachial magnetic resonance imaging (MRI) revealed a small and round mass in the C6-7 nerve root area of the left brachial plexus. The size of the tumor mass was 60×25×28mm. The tumor was relatively well-defined, homogeneous and hyperintense on T2 weighted imaging and hypointense on T1 weighted MRI. The tumor was not enhanced by contrast media ([Fig. 1](#F1){ref-type="fig"}). The initial diagnosis included schwannoma, neurofibroma and lipoma. Soft tissue sarcoma was also considered as well as malignancy could not be completely ruled out.

The patient underwent surgical resection of the mass. Intraoperatively, the tumor appeared as a smooth globoid mass with relatively solid consistency and clear demarcation. However, gross total resection could not be achieved because the tumor was a fusiform enlargement connecting the lower trunks and roots of the brachial plexus close to the foramen of the C7 vertebra and the upper border of the first rib. The tumor was enucleated and emerged from the nerve roots. Subtotal resection of tumor was performed. Frozen specimen was consistent with a granular cell tumor. Postoperatively, the left shoulder pain got worse compared to the preoperative condition but there was no definite neurologic deterioration.

Histological examination of the specimen showed increased cellularity and pleomorphism. The immunohistochemical assay of the tumor demonstrated positivity for CD68, S-100, PAS and neuron-specific enolase (NSE), suggestive of granular cell tumor ([Fig. 2](#F2){ref-type="fig"}).

Follow-up MRI was done 7 months and 11 months after surgery which showed recurred and rapid growing huge mass at the same area of the left brachial plexus, and the patient received a second operation ([Fig. 3](#F3){ref-type="fig"}). Subtotal resection was performed so that a small portion of tumor mass connecting the lower trunks and roots of the brachial plexus close to the for amen of C7 vertebra and upper border of the first rib remained.

Histological examination of the second operation specimen showed focally increased cellularity, pleomorphism, high nucleocytoplasmic ratio with increased mitosis of 2/10 HPF. The immunohistochemical stain showed positivity for S-100, negativity for Desmin, and increased MIB-1 that malignant transformation was suggestive. Complete monoplegia developed after the revision surgery and did not improve until the final follow-up. The patient received concurrent chemotherapy and rehabilitation. The patient had no evidence of re-growth until one year after second operation.

DISCUSSION
==========

The origin of granular cell tumors, known as Abrikossoff\'s tumor, is uncertain[@B8]. It is uncommon with features of usually being small, solitary, benign, and easily recognized by routine light microscopy. Granular cell tumors commonly occurring in the head and neck and other involvement sites such as the breast, gastrointestinal tract, the respiratory tract, thyroid glands, the central nervous system, urinary bladder, female genitalia has been reported[@B7],[@B14],[@B16],[@B17]. Sometimes, cutaneous and subcutaneous tissues are also involved[@B17]. Sometimes hyperplasia, paraesthesia or color change of the overlying skin is noted due to chronic irritation of microscopic infiltration of the tumor that requires clinical differential diagnosis from dermatologic diseases[@B9]. This congenital non-infantile disease has a preponderance for females and blacks, with a peak incidence between the second and sixth decades of life[@B9]. There are no clues of image findings that definitely differentiate granular cell tumors from other entities. Therefore, this is the reason why pathological confirmation is much emphasized. The histological examination is the only way to confirm the clinical diagnosis. Microscopically, the granules are usually positive for Periodic acid-Schiff (PAS) and Sudan Black but negative for diastase. Typical granular cell tumors usually show consistent NSE and S-100 positivity[@B9],[@B10].

Treatment of localized granular cell tumors, both benign and malignant, begins with surgical excision. In cases of benign granular cell tumors in which wide local excision takes place, there is 2-8% recurrence with negative margins and \>20% recurrence with positive margins[@B13]. Ordonez reviewed 41 cases of malignant granular cell tumors in the literature, most of which were treated with wide local excision, and found a 59% recurrence rate[@B15]. The prognosis of the tumor depends on whether its nature is benign or malignant. Granular cell tumor is generally regarded benign and benign lesions are known to be safely managed with local excision on clear margins[@B7],[@B9]. Radiation and chemotherapy are not advised because of the tumor\'s high degree of resistance[@B13].

Although most of cases follow a benign course, 1-2% of granular cell tumors exhibit malignant behavior and behave like high-grade sarcomas with a high rate of metastases and short survival[@B2],[@B4],[@B5],[@B18]. Tumors typically spread via lymphatic and hematogenous routes to the lungs, liver, and skeletal structures. Metastasis can also become apparent long after surgical excision[@B1]. Treatment has been largely unsatisfactory, especially for metastatic disease. Moreover, despite the fact that there is no definite evidence of chemotherapy and radiotherapy which statistically significantly improves the outcome, their application in cases of metastatic granular cell tumor is generally accepted[@B4].

Due to their benign appearance and rarity, granular cell tumors are often misdiagnosed as nerve sheath tumors or a neurofibroma until histological confirmation. Early recognition as well as differential diagnosis of such tumors in settings of atypical presentation should be taken into careful consideration as well, because granular cell tumor can transform into malignant tumors and be refractory to conventional treatment.

CONCLUSION
==========

Granular cell tumors are a rare entity of the brachial plexus region and can manifest in many different ways depending on its involvement site. Especially, granular cell tumors of brachial plexus can be misdiagnosed before histologic confirmation because it presents as subtle clinical symptoms, and MRI findings are often similar to other nerve sheath tumors. Surgical treatment is important in that total resection of tumor is the only way to decrease the frequency of recurrence and metastasis because granular cell tumors are refractory to conventional treatment.

![Preoperative cervical spine MRI (**A**: coronal, **B**: axial) show a small and round mass with cystic enhancement in the C6-7 nerve root area.](kjs-9-275-g001){#F1}

![Granular cell tumor composed of large cells with eosinophilic granular cytoplasm. (**A**) Recurrent tumor showing increased cellularity and atypia. (**B**) (HE ×400)](kjs-9-275-g002){#F2}

![Before the second operation, follow-up brachial plexus MRI (**A**: coronal, **B**: sagittal, **C**: axial) show a huge mass with marginal enhancement of the C6-7-8 nerve root area with multiple lobulation around the left brachial plexus.](kjs-9-275-g003){#F3}
